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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a non-heat treated steel having a division fracture 
surface showing brittle fracture surface, suitably used as a steel for connecting rod, and 
combining high strength, high yield ratio, and low ductility by providing a specific composition in 
which proper amounts of Si, V, and P are simultaneously added. 

SOLUTION: This non-heat treated steel has a composition which consists of, by weight, 0.20- 
0.65% C, 0.1-1.5% Si, 0.3-2.0% Mn, 0.02-0.15% P, 0.01-0.10% S, 0.02-1.50% Cr, 0.05-0.50% V, 0- 
0.10% Nb, 0-0.20% Ti, 0-0.100% Al, 0-0.02% N, and the balance Fe and in which fn1, represented 
by fn1=Si(%)+2V(%)+5P (%)-0.8, and fn2, represented by fn2=C(%)+Si(%)/10+Mn(%)/5+5Cr 
(%)/22+1.65 V(%) — 5S(%)/7-0.8, are both regulated to >0. Moreover, one or more kinds among 
0.01-0.2% Cu, 0.01-0.5% Ni. 0.01-0.50% Mo, and 0.0003-0.0100% B, and/or 0.01-0.30% Pb may 
further be incorporated into the steel. 
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(57) 

[fi?«M£IS:l C : 0. 2 0-0. 6 5%, Si : 0. 1 

— 1 . 5 %, M n : 0 . 3 — 2 . 0 %, P : 0 . 02- 

0 . 15%. S : 0 . 0 1—0. 10%. C r : 0 . 0 
2 - 1 . 5 01 V; 0. 0 5-0. 5 0% Nb : 0 

— 0. 10, Ti : O— 0. 20%, Al : 0 — 0. 1 
0 0%, N: 0-0. 0 2%£^U S&gRfiF e 

Si (%) +2V (%) + 5P 
(%) -0. 8^0MC (%) +Si (%) /10 + 

Mn (%) /5+5Cr (%) /2 2+ 1. 6 5V 
(%) -5S (%) /7-0. 8^0-CfcSwi^» 

t-t-5*»*-*5*«lt-«jitt#W««l, Cu, N 

1, Mo, B, P btf>3*>i*> liW^f U^tt 
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&m¥*9 - 1 1 1 4 1 2 



IffiJtm 1 ] gft%X% C : 0 . 2 0-0. 65%, S 
i : 0. 1 — 1 . 5lMn:0. 3-2. 0%, P : 
0. 0 2 — 0. 15%, S : 0. 01-0. 10%, C 
r : 0 . 02-1. 50%. V:0. 05 — 0. 50 

%, N b : 0 - 0 . 10%. T i : 0 - 0 . 2 0%. A 
1 : 0— 0. 10 0%, N : O — 0. 0 2%£-g^L, 

mm&F e&Xtt^&^tMhfrb***). lofnUO 
f n 2^0-C*5Ct*««it5*a« • HbPHK 

it • fia^yHMMH. (at, 

f n 1 = S i (%) + 2 V (%) +5P (%) — 0 . 
8, 

fn2=C (%) +Si (%) /10+Mn (%) / 5 
+ 5 C r (%) / 2 2 + 1. 6 5V (%) - 5 S (%) 
/I - 0. 8 

[»**2] MM l t:Ei©«»lc3!lP^T»c, It 

%X\ 0. 0 1-0. 2%C0Cu, 0. 0 1—0. 5% 
<DN i , 0. 0 1-0. 50%(7)MoWO. 0 0 0 3 

— 0. 0 10 O%0B0>? lffil^ttt, B.O 
f n 1 ^OMf n 2^0T'fc6-:i:^^t^M 

f n 1 = S i (%) + 2 V (%) 4- 5 P (%) - 0 . 
8 , 

f n 2 = C (%) + S i (%) /10+Mn (%) / 5 
+ 5Cr (%) / 2 2 + 1 . 6 5V (%) - 5 S (%) 
/7 - 0. 8 

[Mf*K3] UMl ^|E«fe<©fife»«C*D*.T3E*C, If 
%X, 0. 0 1-0. 30%(DPb^tU lof n 

f n 1 = S i (%) + 2 V (%) + 5 P (%) - 0 . 
8, 

f n 2 = C (%) +S i (%) /10 + M n (%) / 5 
4- 5 C r (%) / 2 2 + 1 . 6 5 V (%) - 5 S (%) 
/7 - 0. 8 

%X\ 0. 0 1—0. 2%(/)Cu, 0. 01—0. 5% 
WNi, 0. 01—0. 5 0%WMoM0. 0 0 0 3 

— o. oioo%(7)B<?)^wilW±, tm:o. 0 

1—0. 3 0%CDP b^tl, lof n 1 ^ORrjf 

f n 1 = S i (%) + 2 V (%) 4- 5 P (%) - 0 . 
8, 

f n 2 = C (%) + S i (%) /10+Mn (%) / 5 
+ 5 C r (%)/2 2+l. 6 5 V (%) - 5 S (%) 
/7-0. 8 

[0 0 0 1] 



[0 0 0 2] 

^t^^^r^y^DyK y K) l 

y/) 2f±, ft*. 8'Jox«"C«RB«B$nfc«T?«A 

[0 0 0 3] U!i>L##*b, ftiS, JfiBcb^|£gfra#£R 

itit^^ c colb £ fi^ >" is V^p d d tC *5 l^X i> WT' . 
*i/cC< #oX#X^6<> 

[0 0 0 4 ] HijiacO^^^^^ V^n ^ 1 &t>*^ 

♦ ^f^^oy K# + ^2^BBLTtt. S!i& 

S^fXJy K= 3 r^^ P 2(C^f'JL, &^X#/l' h/t^DX 

&?fotdrtT\ («^ffif<tr5u ^^i-r 

5tt±tf»^Wfc«)^««ADXttl6-rw <b fc< , h 

[0 0 0 5] ±E^-MBLfc^^^r^y^p 3/ K 
^iM'^^^T^^n y V*v7 2%9rm-tZ>Jj 
fet LTIi, W^Lfif&Jlfrl* C£l£j:oX[l l * 
M ^ X^ L fc ^ fp] tdfifj < *j £ ^ X J-T 6 *fe3fl« % 
xbix^ C^&Xfi^**?^ s7v y K*{*:i & 

[0 0 0 6] L7^L##b, fi£&<£ffl£*LX£rt:« (J 
I SftftOS 4 5 C^S 4 8 Ctt^il^if) 

Ji b^xmmf&mx-faf&m u , -t »»««a-c = * ^ ^ ^ 

n-f . ««*XlcJ;Stt±*f«£^X€:tf43*Jttt(ift 

frmmfe&L) x^^\mmm&^tx®g,kzyyyv 

v *s ^ x f£*a«ffi x a ft 
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[0 0 0 7] l»B«f*-C-**»bfe«(0»to3ffi 

[0008] mm&j&^m&b&izftii&tQMk it 
¥5-i95H o^r&mz. ^mmmsmm} 

y K^-\'/2ffl®i Lrrav^cft-. 3rS^3^.|Srt?#^ 

[0 0 0 9] — #38IE#KM#IB¥ 7 - 1 5 3 0 3 0 
^WI¥7 - 1 8 5 5 9 8#^i±JIITi§53SUS • i&m 
tt*W«»S:«*Lfc. ±fE<£> 2 o<7> ttllIT«36LJfc« 
tt, f***£IWa±^5l!B^&WU -i-offcRBIgit 

- <t t> & O /"Co 

[0 0 10] 
[0 0 1 1 ] 

[0 0 12] 0MteJ:ot7x7>f hZfoit-fZ 

At < B:TLX*©IW4**J5**b< ir^tc 

[0 0 13] ©±|E<^S i , V^O'P^l^ttMW 
SSSlCHi* 0. l%^±WSi, 0. 0 5%£A±(DVR 
XfiO. 0 2%^±©P^tU lof nl=Si 



(%) + 2V (%) + 5P (%) -0. 8.(DfI£0£Lk 

[ooi4] aw^{b**»3js#s^*f*«sia^*>s 

±I£«Z> fnUO £ffifc-lirtf 0 . 7 EA±<0PMttfcas 

[ooi5] ««<o<t**»*s«fto*fl=<BHtc*>5 

ftt^O W±«^(;8 0 0MP a ta±tf>3l3S&Sri s l§fb 

[0016] f n 2 = C (%) + S i (%) / 1 0 +M 
n (%) /5 + 5Cr (%) / 2 2 + I . 6 5V (%) 
- 5 S (%) /7-0. 8 

<smnit^j%ft&mm^mm^tc±.x\ ±m<s><D f n 1 
t %i&3\mm Ltc&f<Dmtfo>wmm* 1 o %^ 

T, f n 2^ 0(7)^^ii^T^tL[l 

WffitftO, JLo^it^tf btu6 0 t^oT. mrlCUfc 
*f Li^n-fe:^«cJ:oX0fS[3feffiT**>6 8 0 0 M P a U 
±(D3m$mt 5 6 0MPaW±^5feSS:tt6 3 

[0017] ±IE*n jLf-£<K fc&WtZ. TIE ( 1 ) — 

(4) <Dm&m • i^»(^jt • f£^f*^«ffl«:fii , ^-r 

[0018] ( 1 ) SS%X\ C : 0 . 20 — 0. 65 
%, Si : 0. 1 - 1 . 5%, Mn:0. 3 — 2 . 0 
% . P : 0 . 0 2 ~ 0 . 15%, S : 0 . 0 1—0. 1 
0%, C r : 0. 0 2— 1. 5 0%, V : 0. 05 — 
0 . 5 0%, N b : 0 — 0 . 10%, Ti : 0 — 0 . 2 
0%, A 1 : 0 — 0. 10 0%, N : 0 — 0. 0 2%£ 

**ru i^iiFeWw^»^^^ ion 

EUfnl ^ORXfi n 2^0 X'^>5 t t ~f 

[0 0 19] (2) ±15 (1) ^l5«fe(30fiJc^-*DX.TS€ 
Mit%X\ 0. 0 1—0. 2%(7>Cu, 0. 01 — 
0. 5%©Ni, 0. 0 1-0. 50%WMoM0. 
0 0 0 3-0. 0 1 0 0%(?)B<?)-)^)li^±^t 
L, JLOHufeUfc fnU 0&l>* f n 2 ^ OTfoS: 

[0 0 2 0] (3) ±|S (1) {IfB^c^^i^D^TM 
lt%-C', 0. 0 1-0. 3 0%(OPb^tU 
^OHtjfEUfc f n 1 ^O&tff n 2^0 X'foZ) Z. t %:¥f 

[0021] (4) ±ie (i) icte#o^^i-^Px.riE 

fiS%X\ 0. 0 1—0. 2%^Cu, 0. 01 — 
0. 5%c7)Ni, 0. 0 1—0. 50%60MoMO. 
0 0 0 3-0. 0 1 0 0 %<7> BW^ -h<o 1 ^JJ^.±, 3fet>* 
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(CO. Ol-O. 3 0%(DP b£rg"#U E.omj|BLfc 
[0 0 2 2] 

[0 0 2 3] C : Cliidl^f^S^^tSW 

*T?*>*>6o *«RR^>»«lSft* (^l?SMt'8 0 0MP 
aRJb) £r?§5M*±, 0. 2 0?/o.W±«®*C'^§ 4 — 
o. 6 5%^m^6L W)lt» 

CCD^mte. 0. 2 0%-0. 6 5%tLfc 0 
[0 0 2 4] Si : S i tt*<&rctt*ffij!-*-6 > £ 

Jto-t-Jxtf, <1&T£&xmffl&m&i8:m-tZ> 

[0025] cn^^^jm^5tH{-^6^(i, s at 
0. i%^±<7>*S-^*S < h-t-6^fl^*>6o Lrt>U ^rco 

T'(7)^^{cfiJix?r^CB< #<5„ tot, SiWtt 
fi£0. 1-1. 5%Hfc, 
[0 0 2 6] Mn : Mnl«C-MT'fe6^ 

;h,1\ 2. 0%«rifii-6i:»niI«3ttt!6 s ^b-rSJ:7t- 
t£Z>(DX\ f^ti&O. 3-2. 0%i:Ufc o 
[0 0 2 7] P : Pi*&#!i<t£3l#j|ec L5gt££teT 

6 0 ~^<7>^£flfe3IW#£fc&^ Pfio. 0 2% 

0. 1 5%«:jB^6i)RWfR5ttt3fts*U<*{fc-r* 0 tt 
oT, P(Z)*a^fl;£0. 0 2-0. 15%<hbfc 0 
[0 0 2 8] S : S l±ttJMMfc«:§l U*t££fg:T 

f£ffl^£>3 0 Ltf>U 0. 0 1%**tfi 

S£0. 0 1-0. 10%<tbfc o 
[0 0 2 9] C r : C r l$m?Jn&$:fa±£l*:Z> t t i> 



0. 0 2- 1. 5 0%<t Lfc 0 

[0 0 3 0] V : Vfcfc (&) afb»«r^*UT»«tt«: 

£mmTix&f&&&mv<i&TZ&xmmkmt:femir 

fta*o. 0 5 o /o*ltiii»(^i<, — o. 

5 o%&mz.xtt-rz> tmcDmmtoxmmT-tZo 

t^oTs V«^^^1:^0. 0 5-0. 5 0%>:LfCo 
[0 0 3 1] N b : N b fiftsflD Lft < T & fiSta^ 
(SO i«^Mtt^|£»fbt5if^ 
C(7>^$r5i^iCf#e(Cii, NbfiO. 00 3 
%W^ttit5C^il^l^ 0 L*»U 0. 1 

o %*«;l-c£*"*-s <t sp^p^px^a^ < f&T-r 

5 J: ?fc&<5 0 tfcoT, N b (Dis^Uktt 0 — o . 10% 
[0 0 3 2] T i : T i bWiM Lfc < T t> &l \ ffiMIr 

*nr£„ ro^^5tii{ct#e(c(i, Tiiio. 005 
%^±^tt^t5;^»^i^ 0 L*»U 0. 2 

0%^it^tt6^^T i N^MttMi 
0. 2 0%<tLfc o 

[0 0 3 3] Al : A 1 tt»!nb*< X t>&l/\, ^^P^ 
ttit6Ci^tV^ 0 La>U 0. 10 0%^ 

^x^Tztm<m&<Dfri£m-ML<mim^x, m 

£0 — 0. 10 0%> b/c 0 
[0 0 3 4] N : Nfi^f ^f/^ Tk&V^o §^5* 

n(i*±t2A i, Ti WNb^^ittt^ifbi^ 
^f&Lx&M*&*wmt-tz>i / tm%^i-z> 0 x. yv- 

%*%z*-mM\Z-%Z>kc^ Nfio. oo3%^_hco^l: 
<tri*g£ ua>u o. 02%^m 

fnl:0. l%j^±(DSi, 0. 0 2%^)P^ 
0. 0 5%£A±<DV&m&m\\Lti&F(D, 
f&TZ&R^fcfcfc&fcitoZ&i&fcfftfr f n l t'ilt' 

^0. 7 £Jl±0|»«Jt3ftSft* UTt# ^tt f n 

i^o, R<>mmmptmL.tci%<Dfflm<nwv<m* 1 o 

(D^m&mt 5 6 0MP a^Ml^tt^^^ 
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[0 0 3 5] f n 2 : «C!)fb*fi»» K 
OHMief n 2 0£X±t Lfc^fd^T, 

ITM^8 0 OMP a^±0>3l3S&S£#IH«»Ctt 

[0036] *mw<Dm&& - mfevtit • fgsa*fe#!Mr 

±IBC0^(-^D^X, ICCu, Ni, Mo, 
[0 0 3 7] C u , N i, Mo. B : C u , Ni, Mo 

RVBt*m(Dm*>ft&&nbftx»(tomtzfa±£itz® 

^z^-T^o ^ot, Cu, Ni, MoWBMSi: 

< c Ni^CIt 0. 0 1%*»©**tT? 

ttm3<0»*J&s»<bix-r, 0. 5%*jSmtt5i: 

e>n*<*S 0 X, MoCD^i^Cfi, 0. 0 1%*iW 
*«Ttt0fffl(D«i*3is#P>ixi-, 0. 5 0%^T 

«i9-:8c/^ 0 B<7)^(C(io. ooo 

3%*»^>***-CfiBfaoab*3fts»e>ixi*, o. oi 

Cu:0. 01—0. 2 %, N i : 0 . 01—0. 5 
%Mo:0. 0 1—0. 50 %RZ$B : 0 . 00 0 3 
-0. 0 1 0 0%^ff irtS^Sft^o 
[0 0 3 8] Pb: P btezK/> h^DI^W«^[^] 

iLtt^^o U5»U 0. 0 1 %3tm<D^-BLX&m 

mo^^mhH-r, o. 3 o%^^xr-^w-r6^fA 
0. 01-0. 3o%0y£G&k1~Z><Dtf&}t\ 

[0039] m^<Dfa^mj&*^zffl&m%<Dxmx 

7-^ V^n ^ K^-r^KflMELfc J: p^Miaot 

[0040] *&mm&f&fflxmMRxm&-t'Z> 

1 2 3 0t;£i@;i6i£«^cAn»^S£ia#^ 



flDfSMfi&fil 10 0-1 2 SOtttSCtWtl 
[0 0 4 1] 

[H^«J] *l--4*c^-rffc*lftj««:*-*-Sil€r5i«ro 
- 1 5 D , ^2-4tC;fctt-5» 

[0 0 4 2] #:^-C\ .liXbW«0|»O'«i^l 

2 0 0 0 C{C^LjlS^^^J:oT^>ti:^Ufc^, 

1 1 5 0°C(C^D^LT75^ 1 1 0 0-9 5 o°c<r>m&x 

[0043] : 9 trt#sbix^F«^ io^^ 
J I S4^M*Jt«:tlDDfctiU Wia-C^l^lfeSr^To 

MR (SEM) T-m^UfCo 
[004 4] 3 Omm(Cf«)|tfc^li^I 

[0045] ftfi!im»««. ttSttASUfc&t/ftjfi 

[00 4 61 ^Wit*fe^l~l 5(CfeoT(t 1/^ 
a£Lh<D3l3S3ft!g, 5 6 0MPa^J:(/)^Ml 0. 

[0 0 4 7] cnc^Lt, fiJc»^v^ix*»3&s*^6WC 

Mniifn 2<7)ffi^^H^^M^ib{S@tc:^ixfc 
«16, 2 0 3 4&(/3 5T'(i?llM^8 0 OMP 

[ 0 0 4 8 ] X. Ci, S if, Mnl Pf, Sit 
Cui Alt, Nbfi, Tit, VfMPbl^ 
ft^tlMTEimzttLXMSl^tlfcffll 7, 19, 2 
1, 2 3, 24, 2 5, 27, 28, 29, 31 &t>* 3 

[0 0 4 9] SEtC, S i ft, PMt/Vfi f n 1 0;>fiS 
#&£ffi7i*ki&*&{C^ft£:gll 8, 2 2, 3 0, 3 3, 

3 5&T>*3 6 fiftttJtas 0 . 7^TlHl«9, Io«a*t; 

a* i o%«:Sx.6fc«i)*ja5i3fii*»a«>ttffitt-r-<-c3g 

[0050] Ni ft*sa364i[3a*e>S*«)lc:**tfc*H2 

6 (*«?a#uw 1 o%^^^6fc^, 

mmi±T--<Xf£\±WiffiX&otc 0 (RJb* ^6#J*0 o 

[0 0 5 1 ] &^T\ mrlE^l S:t>*^2(c|E-icUfc^: 
^§P3T'&<5£f2]l , 5, 10, Wl5«r*ttiLta 
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^ ^/ K^r-V^*2— (7)^fJ^^ h^rtTofco 
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0. 0058 


0. 02 
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0.51 


0. 38 


0. 37 


0. 056 


0.042 


0. 18 


0. 11 


0. 025 


0. 121 


0. 067 


0.0152 


0. 06 


0. 05 


0. 08 


0. 0031 


0.30 


0. 08 


0.01 
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0.54 


0.64 


0. 77 


0. 072 


0. 024 


0.36 


0. 24 


0. 003 


0. 093 


0.025 


0. 0049 


0. 05 




0. 16 


0. 0005 


0. 11 


0.68 


0. 42 
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0. 20 


0.68 


1. 27 


0. 046 


0. 056 


0.27 


0. 29 






0. 031 














0. 69 


0. 22 
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0. 55 


0. 58 


0. 49 


0. 025 


0.044 


0. 25 


0.05 


0. 011 




0. 073 


0. 0063 




0. 04 


0. 12 
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0.01 


0. 01 
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0. 33 


0.11 


0.81 


0. 063 


0. 038 


0. 48 


0.3S 


0. 006 


0. 084 


0. 097 


0. 0056 


0.11 




0.46 


0. 0013 


0. 18 


0. 35 


0. 38 
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0. 48 


0.72 


1.46 


0.146 


0. 041 


0.86 


0. 11 


0. 091 




0. 029 


0. 0061 


0. 08 


0. 11 


0. 05 






0. 88 


0. 39 
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0. 37 


0. 57 


1. 98 


0. 057 


0. 054 


0. 33 


0. 25 




0. 110 


0. 081 


0. 0033 




0. 48 




0. 0024 


0.01 


0. 56 


0. 47 
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0. 64 


1.47 


0. 96 


0. 084 


0. 046 


0. 56 


0.03 








0. 0063 


0.12 




0. 24 




0.11 


1.25 


0.41 
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i (%, 
(%) 


f 4-2V (%) +5P (%) 
f Si {%) / 1 0+Mri 


-0. 8 

(%) /5 + 5Cr (%)/2 2+i. 


6 5V (%) 


-5S {%) 
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0. 11 




0. 16 


0.86 


0. 36 


11 


0.51 


0. IS 


1.08 


0. 078 


0. 051 


1. 49 


0. 26 


0.00B 


0. 157 


0. 005 


0. 0046 
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0. 09 
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